Evidence for distinct ligand-bound conformational states of the multifunctional Escherichia coli repressor of biotin biosynthesis.
The Escherichia coli repressor of biotin biosynthesis (BirA) is a unique transcriptional repressor which catalyzes synthesis of its own corepressor and catalyzes attachment of a cofactor to an essential metabolic enzyme. BirA both catalyzes synthesis of biotinyl-5'-AMP from the substrates ATP and biotin and transfer of the biotin moiety from the adenylate to a lysine residue of a subunit of the acetyl-CoA carboxylase. BirA-bio-5'-AMP, moreover, binds sequence specifically to the biotin operator to repress transcription of the biotin biosynthetic genes. Using a combination of kinetic measurements of binding of the two ligands, biotin and bio-5'-AMP, to BirA as well as proteolytic digestion experiments, we have found evidence for at least three discrete conformational states of BirA. Results of stopped-flow fluorescence measurements of association of both ligands with BirA indicate that the process involves initial formation of a collision complex followed by a slow conformational change. The kinetics of the conformational change are distinct for the two ligands and are the basis for the difference in the thermodynamic stabilities of the two protein-ligand complexes. Different rates of proteolytic digestion of apoBirA and complexes of BirA with the two ligands were also observed. Results of the combined approaches indicate that apoBirA, and the BirA-bio-5'-AMP and BirA-biotin complexes are conformationally distinct.